An increase in accessible electronic pedagogy available in African languages is vital in extending learning resources to resource constrained schools and multilingual communities. The lack of appropriate mobile and electronic resources in these contexts often limits learners from participating in the digital age and discovering knowledge through technology. South Africa, used as the context for this study, has eleven official languages and promotes their use for education in schools. There are however limited bilingual resources that support bilingual education. The different challenges, such as the limited resources that enable an effective learning environment, often make it difficult for teachers to create new learning environments that embrace technology in classrooms.
INTRODUCTION

Mobile learning in developing countries
One of the contributing factors to digital divides in African countries is the limitation of available digital learning content in African languages. There are many factors contributing to this, including the lack of documentation of some African languages making it difficult for developers to use the languages in technology, and the poor access to using technology by Africans, thus hindering African language contributions to technology (Osborne, 2006) . The constraint of limited multilingual learning resources in Africa also makes it difficult for learners to engage effectively with learning content. Language plays an imperative role in the development of pedagogy as it affects a learner's interpretation and performance (Brock-Utne, 2007) . South Africa is a multilingual country that places great emphasis on bilingual education but still struggles to provide learners with relevant resources to support the bilingual environment, especially in subject areas such as mathematics and the physical sciences.
There have been different initiatives through mobile learning across African countries that work towards reducing existing educational challenges (UNESCO, 2012) . The intervention of mobile learning in developing countries needs to consider the contextual hurdles that developing countries face, and this could mean initiating novel concepts of mobile learning which are unique to the circumstances (Motlik, 2008) .
The process of learning in the mobile environment Sharples (2005:148) defined the process of learning as, "a process of 'coming to know' by which learners in cooperation with peers and teachers, construct transiently stable interpretations of their world". The working definition of mobile learning for this paper departs from this definition with the mobile device considered as supporting this learning process. When defining mobile learning, one also cannot overlook its context of use. In a model environment where there is ownership as opposed to basic access to mobile devices, mobile learning often yields enhanced results. In a scenario where a learner has full ownership of the mobile learning resource, the learner is able to exhaust the possibilities offered by the mobile learning tool as they have limitless personal access to it (Kukulska-Hulme, 2009 ). However, mobile learning technologies in developing communities are often "used to address environmental and infrastructural challenges to delivering and supporting education where conventional e-learning technologies would fail" (Traxler, 2007: 13) .
This research aimed to explore the following main question: How can mobile learning be used to enhance the multilingual learning process in informal learning through a constructivist approach? The paper examines the support that mobile learning can have in a resourced constrained environment by supporting bilingual learners to create their own physical science learning materials in languages that they use to learn. The research study is based in a South African school. Using the constructivist theory, learners were given an opportunity to create their own bilingual learning material through mobile phones. The learners were also able to store and access this material for revision through the online system accessible from their mobile phones. The participating teacher also monitored the learning material to ensure that learners were creating learning content that was relevant to the prescribed curriculum. Subsequent to this process, learners were interviewed through semi-structured interviews and questionnaires to give their views on the process.
USING MACHINE TRANSLATION TO ACHIVE MULTILINGUAL CONTENT
There are various methods that can be used to create multilingual content in technology. One of the popular methods is translating content to support multilingual users through algorithms and statistical techniques that enable the translation process to occur. Machine language translation can make use of various algorithms to translate one language to another, and these algorithms often follow a statistical approach or employ a linguistic analysis that intensely focuses on lexical characteristics (Jayaraman and Lavie, 2005) . One example of a statistical method is Dagan et al.'s (1993) algorithm called the word align algorithm where the system uses statistical methods to align one word to its equivalent in another language. An alternative method which explores the syntax and semantics of the language can be seen from Van Huyssteen and Pilon's (2009) algorithm. Using as an example the Dutch and Afrikaans languages, this system depicts the possibility of translating content between similar languages with the aim of recycling existing resources to extend them to other language users. This is achieved through a rule based system where two languages are evaluated to establish if they are similar and subsequently evaluate their lexical similarities in order to convert them. Machine translated content is able to support a large number of multilingual users to access resources across the world. This is especially helpful where there are large amounts of data that need to be translated for the use of multiple language users.
However, despite continuous attempts to create expert translation systems, machine translators often find it difficult to produce quality translations that maintain the meaning and the culture of the original text. This can be especially difficult in an educational context. Learning content can come across as confusing with inappropriate words used within the text. Furthermore, this can also be detrimental to second language speakers of the content translation language as they may fail to realize the inaccuracies depicted within the learning content. The learning content can thus be misleading and erroneous, and machine translated content often needs to be reviewed and edited to ensure appropriate meaning (Harris, 2010) . Translating pedagogy therefore requires more than the linguistic change of content as it necessitates further knowledge and understanding of the context, the content and the culture of the pedagogical environment.
THE SOUTH AFRICAN BILINGUAL EDUCATION CONTEXT
South Africa has a multicultural and diverse linguistic population. The country has eleven official languages with English as the official language of instruction. Even though English is the national medium of instruction the government maintains an equal policy on all official languages promoting the use of each language in communities and education (De Klerk, 2002) . Despite the promotion of languages in educating learners across various subject areas, there are limited electronic and print learning materials that support this. Learners with poor English language foundations especially in resource constrained schools would often fail to grasp the essential elements of a subject due to their language inefficiency. This is more prevalent in subjects that require a clear understanding of a language i.e. mathematics, in order to appropriately interpret what is required from them (Sookrajh and Joshua, 2009 ).
In an analysis of South African primary school classes, Heugh (2000) established that teachers use traditional teaching methods and conduct their lessons through languages that the learner can best relate to. In a regular class, while teaching, a teacher would drift between English and the language of discourse influenced by the surrounding community. This process of using more than one language to converse is known as code-switching, as the speaker always switches to another language to seek helping words in order to bring clarity to a conversation. The presentation of the content used by teachers on the teaching chalk board will however be strictly in English. The learners copy this content into their books and will thus be using this content taught in two languages but presented through one language throughout their study year. This can be a challenge during their revision process as, although the content was taught bilingually, the individual learner's revision process will have to occur through a monolingual path as there are no supportive bilingual resources to enhance this process. Furthermore learners struggle to understand learning content as they concurrently try to learn the language which the content is presented in (Barwell et al., 2006) . There is therefore a need to further evaluate possible technologies that can be used to enhance the process of learning for bilingual learners in this context.
MOBILE LEARNING AND LANGUAGE USE
Considering the research that has been produced on the progress of mobile learning research in South Africa (UNESCO, 2012; Botha et al., 2012) and also considering the existing challenges of limited bilingual learning resources, there is a current need for research that focuses on mobile learning that supports bilingual learners.
However, there has only been limited research that focuses on the learning experiences of bilingual learners accessing bilingual content in subjects other than language learning, i.e. physical sciences and mathematics, and this paper will therefore review mobile learning literature used to enhance the language learning experience and draw from those experiences.
The use of mobile devices in supporting learners through language learning has proven to be valuable in supporting second language acquisition (Uther et al., 2005; Thornton and Houser, 2005; Ogata et al., 2008) . Through quality mobile recorded lessons and learning material, learners can replay the lessons in their own time, repeatedly using its pause and replay features to get clarity on the learning content (Thorton and Houser, 2005) . Through this method, they are able to easily identify key elements of the language such as syntax and pronunciation. A mobile device also provides ubiquitous access to an audio note taking tool that can help the learner record material at anytime which can be effective for their learning process (Kukulska-Hulme and Bull, 2009 ). The use of mobile podcasts in language learning has also proven to be effective in the assessment revision process. Learners seem to absorb learning content in less pressured environments which are supported through the ubiquitous nature of mobile learning allowing them to understand their learning material at their own pace in their own spaces (Evans, 2008) . Whether creating their learning content or using existing audio format learning content, mobile learning has been effective in supporting the language learning process.
SUPPORTING A BILINGUAL MOBILE LEARNER THROUGH CONSTRUCTIVISIM
The current practice that the teacher in the study used to support the learning process for the participants while learning at home, was to allow learners to reflect on what they had been taught during their formal class, using different sources which included amongst others their text books, the Internet and class notes. Learners were at times also required to explore a topic at home which would be introduced and taught later in class using their different sources. Other methods that the teacher used to support learners while learning at home included providing learners with exercises that evaluated what learners' had understood in their class. This method of promoting learners' informal learning followed a constructivist learning approach, where learners constructed knowledge using their previous knowledge, their resources and a reflection of the learning content. While these learners were required to use one language to document their reflection, they used more than one language to interpret and understand the learning content. Sharples et al. (2005) suggested that the process of learning is a process of using different skills and tools to transfer knowledge to a learner. The process in which the skills are transferred along with the tool used to transfer the knowledge will affect the understanding of the learner. Constructivism is the use of experiential and reflective learning approaches (Shih and Mills, 2007) . In this theory, a learner constructs an understanding from their personal reflection of attempting a task. Therefore, learners cannot have identical reflections on the paths of attempting tasks and understanding as these processes are unique to each learner (Boghossian, 2006) . A learner is also trained to build their knowledge and be able to resolve tasks even in unfamiliar circumstances (Ang et al., 2008) . Through modern mobile technology, constructivism can be used through "activities in which learners actively construct new ideas or concepts based on both their previous and current knowledge" (Naismith et al., 2004:2) . The constructivist theory is a philosophical theory from which modern models and theories that support the development of learning environments have emerged. The traditional constructivist approach has been used in many mobile learning initiatives to support current practices in both formal and informal learning, and these include the use of mobile software to support the construction of syllables by primary school learners (Zurita and Nussbaum, 2004 ) and the use of audio based learning initiatives where learners create audio material through a constructivist approach (Thornton and Houser, 2005; Evans, 2008) . Theories stemming from this traditional approach such as the activity theory have also been used to support the design process of mobile learning activities (Uden, 2007) . In this paper we use constructivism as a support for the current practice of learning drawing on its basic principles.
RESEARCH METHOD
The research study was conducted over one month based at a resource constrained South African high school. The participating class was a physical science class with a total of 32 learners aged between 16 and 21 and one teacher, and the school was based in an under-resourced location. An under-resourced location in a South African context refers to remote rural villages and townships which lack, amongst others, easy access to public libraries, public Internet access locations, effective telecommunication networks or the Internet. Most of the schools situated in these areas have infrastructure challenges including lack of computing facilitates to enable an ICT learning environment, lack of sufficient numbers of learning material per learner, lack of sufficient numbers of classrooms for the numbers of learners, and a lack of teachers adequately trained to facilitate ICT enabled environments (Herselman, 2003) . These areas are also often populated by people who earn low incomes, meaning that most of the learners in these locations come from families that cannot afford beyond their basic daily needs (DOBE, 2011; Herselman, 2003) . As the school in this study is located in an under-resourced area, not all learners had access to mobile phones equipped with features that were needed to access the mobile learning application used in the research. For the research process each learner was provided with a low-cost mobile phone that had features for creating audio sound clips and basic WAP features. As illustrated in figure 1, learners in the research project were required in their own languages to: (i) attend their physical science lessons where a learning topic was briefly introduced; (ii) in their informal environments, find further learning material from various sources related to the lesson topic; (iii) create audio clips through their provided mobile phones using their language of choice reflecting on the learning topic and learning material; and (iv) through their mobile phones, upload the learning material under their personal profiles in the online mobile learning system. Their teacher would then assess the learning material to ensure that the learners understood the topic area and that their personally created learning material adhered to what was required from them.
The research followed the following process:
Creating knowledge
The bilingual learner
Figure 1. The mobile learning environment
As reflected in figure 1, this process also assisted the learner to reflect on the learning content in their own language and to create their knowledge in their reflecting their own understanding. Furthermore, learners had ubiquitous access to this bilingual material and were able to learn through it at any time. At the end of the research period learners filled in questionnaires while some of them were also interviewed through semi structured interviews. The data collection strategies sought to answer the following sub questions. Was the mobile learning process effective in support their constructivist learning approach? Which languages did they use to develop the learning content? How did their experience affect their outlook on bilingual mobile learning? Ethical consent was obtained for the case study from both the authors' university and from the school, with all participants granting consent to participate. The findings are discussed below through themes and through the use of descriptive statistics.
RESEARCH FINDINGS MOBILE TECHNOLOGY IN THEIR CURRENT LEARNING PROCESS
During this study, 61% of learners created learning material on a weekly base and revised using the notes on a weekly period, while the remaining percentage created the notes on a daily base.
The learners were asked on how effective the mobile phone was in supporting their learning process, which required them to seek content related to what they had been taught and create clips while relating their knew knowledge to the knowledge they had previously acquired. While all learners reflected the ease of use in creating and retrieving their audio clips, there was a difference in results when discussing the use of the mobile phone as a source of obtaining knowledge.
Of the participating learners, 53% preferred using both the conventional method of discovering learning content from a text book and other traditional sources and also using mobile phones to discover material and related knowledge. The remaining 33% of learners preferred using only their conventional non-electronic sources for this process while a minimal 13% of learners preferred learning using only mobile phones in this process.
Learners also expressed difficulty in discovering learning material through the mobile Internet citing: slow and limited Internet access, the expensive Internet downloading process as there is limited online learning content that is specially made for mobile phones under the curriculum, and lack of knowledge on where to access appropriate digital learning material. From the interviews, learner A had a more traditional focus on learning and expressed that, "It is difficult to focus on learning on the phone and it's easier in a book because a phone has many distractions, especially if it has online access". On the other hand learner B expressed, "I found it easier to create material on my own phone and listen to myself while making sense of what I was saying. I think my personal notes are easier to understand than the ones in the book".
In relation to the content created by learners there was a clear link between what the learners had been taught in class and their audio clip understanding and interpretation of the content they created. It was interesting to note how learners were able to critique their interpretation of the topic. An example of this is when Learner B reflected, "The theory of atomic molecules is defined by….. I think my explanation may be wrong and I would need you (the teacher) to explain it better because I was rather confused with it". Figure 2 illustrates the percentages of learners that preferred using either electronic or non-electronic resources to find their learning material. Learners also found the process of having ubiquitous access to this material helpful as they could revisit it at any time.
LANGUAGE USE IN CREATING LEARNING CONTENT
All of the participating learners were either English second or third language speakers. All learners also expressed that their teachers used various languages along with the English language to explain concepts in class. In the creation of mobile audio clips, Sepedi (one of the official South African languages) dominating with 58% of the learners using it along with English to create audio notes. Other languages were scattered in the remaining percentages. The school under study is located in a largely Sepedi speaking area which influences the language of the learners even though some of them were not first language Sepedi speakers. Figure 3 illustrates the percentages of learners' language choices when creating their audio clips. Listening to the notes of the learners it was possible to hear that they were relaxed when creating the learning material because at times they would even mention that they did not understand what the teacher meant in a particular study area. The learners also constantly switched between English and the other languages when creating the notes. The teacher in this class felt that "It was useful for me to access the audio notes of the learners. The learners are free when making them which helps me realise the challenges that they might not be able to raise during class." The class reflected a need for electronic learning resources that was tailored to support their resource and linguistic challenges.
DISCUSSION
Research challenges
The resource constraints in this study challenged the learners when they used mobile learning resources to construct their own learning material. The poor Internet speed and the high costs related to browsing often discouraged learners from resource constrained environments to construct knowledge from electronic media. The limitation of free and open resources available to learners also made it difficult for learners to seek learning material through electronic resources. Learners were also not use to being required to create their own learning materials using electronic support, and most were relying on text book content and class notes. However learners found ways of consolidating their resources and seemed to enjoy the mobile learning process regardless of the challenges they faced. The results from this research were however limited to a small sample in a specific type of context and a larger case study needs to be performed in the future.
Research findings
The data from this research revealed that mobile learning can be effective in supporting constructivism approaches used in informal bilingual learning. The challenge was, however, using the technology to support this traditional approach without seeing technology as a distraction in the learning process. In this study, a large percentage of the learners seemed to prefer using both mobile phones and text books to create knowledge and learning material. Their preference for the textbook as their main source of learning material seemed to stem from the challenges they faced when accessing electronic learning content. Even though mobile learning provided an ubiquitous learning environment, learners still preferred a blended learning approach of using both traditional sources of learning content and modern methods to create their knowledge. There seemed to be a lack of exposure to free and online mobile learning material and the use of the Internet to seek knowledge. After interacting with the mobile learning system, learners were motivated to seek learning material from other resources as they found their own learning material created using different sources to be easier to understand compared in comparison with their text book notes. The benefit of being able to learn on the mobile phone was highlighted by learners as they reflected how they enjoyed their trial experience of ubiquitous learning.
The design and development of personal learning content for learners also shifted the responsibility of the teacher to the learner allowing learners to create their own mobile learning environments. Through mobile phones, learners have had a personal environment that has allowed them to truly express their understanding of the topic area in a language that they could best relate to. The learners felt they could relate to their personal notes and were also open to expressing challenges where they felt they did not understand allowing them to reflect on their learning activities (Shih and Mills, 2007) . In this activity, learners were allowed to construct notes based on their understanding from their personal perspectives and information gathered from different sources based on the class topic. Therefore, learners could not have identical reflections on the paths of creating their learning content (Boghossian, 2006) .
CONCLUSIONS
This research reports on a case study in a South African high school that evaluated the potential use of mobile learning to support bilingual learners using a constructivist learning approach. Learners in this school had limited access to learning resources including bilingual resources in subject areas such as physical science and mathematics. A literature review addressed the progress of mobile learning through mobile language learning and identified techniques that could be relevant to supporting a bilingual learner in non-language learning subjects, as there is currently limited literature that focuses on supporting bilingual learners in subject areas other than language learning. The current practice of the constructivism learning theory that was used to support learners in their informal learning was also revisited and evaluated to see how it could be used with mobile technology to enhance the informal learning process of bilingual learners. A class of physical science learners participated in this study creating mobile audio learning notes through their provided mobile phones and uploaded them onto a mobile learning system which could be retrieved later for revision purposes. The content of these notes was composed from their own individual knowledge gathered from their daily physical science lessons and other sources of electronic and non-electronic learning resources including their text books.
Each learner used their languages of choice to create the audio notes, with learners using a variety of South African languages to create the content. A mobile learning system with learner profiles allowed each learner to log onto their system using their login details and store their personally created mobile audio learning material which formed part of the mobile learning system. The audio notes were also accessible to the class teacher allowing her to verify the learning content and ensure it was relevant to their learning curriculum. Contextual challenges such as lack of infrastructure and awareness of electronic mobile learning resources limited the learner's ability to effectively create their own knowledge as they did not exhaust various knowledge areas. The opportunity of being able to create material in their own languages on their own mobile phones, at their own time allowed learners to create learning material that they could relate to and engage with at any time. The learners found this very useful for assessment purposes. The teacher also found the experience useful as they could access the audio learning material to monitor the understanding of learners.
FUTHER WORK
Mobile learning has been successfully used to design technology that can reduce digital divides across both resourced and under-resourced educational communities. Many communities can now access electronic resources as mobile phones are affordable and are able to provide the same learning resources as desktops. There is growing research in the field of mobile assisted language learning, however there are currently few studies that reflect a need for research that focuses on designing and creating bilingual learning content that can support a bilingual mobile learner in subjects such as physical science. The research results from this paper will contribute to the design of a mobile learning framework that can be used by mobile learning developers to design appropriate bilingual mobile learning content that can be used to support learners in bilingual schools and countries to learn and create their own knowledge in both resourced and underresourced communities.
